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FIG 1
s1 INCREASING BIT RATE
— v

INCREASE NUMBER OF TIME SLOTS (TSs) OF HO ODU
CONTAINING ODUflex (GFP) FROM n TO n+i,

S2 WHERE TSb=n AND TSa=n+i
— v
S3 CAUSE TSa=(n+i) TSs TO CONTAIN ODUflex (GFP)
— v

INCREASE BANDWIDTH OF ODUflex (GFP) FROM Bb TO Ba
WHILE CONTROLLING BANDWIDTH OF ODUflex (GFP) TO
INCREASE SO THAT NUMBER OF BITS TO BE TRANSMITTED
INCREASES BY 8 BITS EVERY 125 uS

END
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FIG. 6

INCREASING BIT RATE

S11
e
Ba/TSa = Bb/TSb ?
512
— NO

INCREASE BIT RATE OF ODUflex (GFP) FROM Bb TO
S13 Ba- (TSb/TSa)

R v
INCREASE NUMBER OF TSs OF HO ODU CONTAINING
S14 | ODUfiex (GFP) FROM n TO n+i, WHERE TSb=n AND TSa=n+i
— v
CAUSE TSb EXISTING TSs TO CONTAIN ODUflex (GFP),
AND CAUSE ADDED i TSs TO CONTAIN DUMMY SIGNAL.
AT THIS TIME, BIT RATE PER ONE TS OF DUMMY
315 SIGNAL 1S SET TO Ba/TSa.

I

v

AFTER IT IS CONFIRMED THAT PROGESSING OF STEP 14
HAS BEEN COMPLETED, CAUSE TSa TSs TO CONTAIN
0DUf lex (GFP) SIGNAL HAVING BIT RATE OF Ba (CONTROL
ODUf lex (GFP) SIGNAL TO BE INSERTED ALSO INTO i TSs
CONTAINING DUMMY SIGNAL)

END
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FIG. 9

FIFTEENTH COLUMN

BIT1 |BIT2 |BIT3 |[BIT4 [BITS (BIT6 |BIT7 |BIT8
FIRST ROW |RP RES [RES |TPID
SEGOND ROW|TSCC |[RES |TSBS |TSGS |CTRL TPID
THIRD ROW [CRC-3 CRC-5
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1
OPTICAL TRANSMISSION DEVICE
INCLUDING A BIT RATE ADJUSTMENT
FUNCTION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. JP2012-
279652, filed on Dec. 21, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

The disclosures made herein relate to an optical transmis-
sion device including a bit rate adjustment function.

BACKGROUND

A study of an optical signal transmission technology for
increasing a bandwidth is being pushed ahead as a method for
realizing a high capacity for an optical network system that
enables high-capacity data communications. For example, an
increase in the bandwidth can be achieved by transmitting
(unless otherwise limited, including exchanging and transfer-
ring) a signal after a signal having a low bit rate is contained
into a frame of a high speed signal having a higher bit rate than
that or by increasing a bit rate of a signal having a given bit
rate to a higher speed.

The conventional optical network system forms a wave-
length division multiplexing (WDM) network, and includes a
plurality of WDM devices as optical transmission devices
including a bit rate adjustment function.

Those WDM devices employ a WDM transmission tech-
nology conforming to ITU-T G.709/Y.1331: Interfaces for
the Optical Transport Network (OTN) and ITU-T G.7044/
Y.1347: Hitless Adjustment of ODUflex (GFP)(HAO) recom-
mended by International Telecommunications Union-Tele-
communication Standardization Sector (ITU-T).

A plurality of optical wavelength paths are set among those
WDM devices, and a first signal transferring frame is trans-
mitted through those optical wavelength paths. Data (client
signal) output from a client device is input to the WDM
device, and is contained into a second signal transferring
frame having a lower bit rate than the first signal transferring
frame. Further, this data is transmitted to the client device
corresponding to a desired destination after being contained
into a time slot (TS) allocated thereto within the first signal
transferring frame.

In this optical network system, the bit rate of the second
signal transferring frame is determined based on the bitrate of
the data, and when the data is contained into the first signal
transferring frame, a number of time slots allocated thereto is
determined.

There already exists a technology for changing the bit rate
of the second signal transferring frame containing the data
and the number of time slots of the first signal transferring
frame depending on a change of the bit rate of the data
changes without giving an error to the data.

Examples of the signal transferring frame include an opti-
cal channel transport unit (OTU) frame and an optical channel
data unit (ODU) frame that are recommended by ITU-T
G.709/Y.1331. Further, an example of the technology for
changing the bandwidth (bit rate) of the signal transferring
frame containing the data and the number of time slots thereof
without giving an error to the data is recommended by I[TU-T
G.7044/Y.1347.
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The following are related arts to the invention.

[Non-patent document 1] ITU-T G.709/Y.1331: Interfaces
for the Optical Transport Network (OTN)

[Non-patent document 2] ITU-T G.7041/Y.1303: Generic
framing procedure (GFP)

[Non-patent document 3] ITU-T G.7044/Y.1347: Hitless
Adjustment of ODUflex (GFP)(HAO)

[Non-patent document 4] ITU-T G.872: Architecture of opti-
cal transport networks

SUMMARY

A consideration is given to an example of a related art in
which the recommendation of ITU-T G.709/Y.1331 is
applied as the signal transferring frame as described above
and in which the recommendation of ITU-T G.7044/Y.1347
is applied as the technology for changing the bandwidth, that
is, bit rate, of the signal transferring frame containing the
data.

Now, with reference to FIG. 1, a description is made of a
procedure used to increase a bit rate of a lower order (LO)
ODUflex (generic framing procedure (GFP)) signal being the
second signal transferring frame containing the data serving
as the client signal.

Further, with reference to FIG. 2A, FIG. 2B, and FIG. 2C,
a description is made of an outline of an operation performed
by each node to increase the bit rate of the LO ODUflex (GFP)
signal in accordance with the procedure illustrated in FIG. 1
in the WDM network having a three-node configuration.

In addition, with reference to FIG. 3, a description is made
of an outline of processing for each signal or each frame
performed to increase the bit rate of the LO ODUflex (GFP)
signal.

In the example illustrated in FIG. 1, the bit rate of the LO
ODUflex (GFP) signal is increased from a bit rate Bb before
a bit rate change to a bit rate Ba after the bit rate change by the
following procedure.

(Initial State)

In an initial state, the LO ODUflex (GFP) signal being the
second signal transferring frame containing the data serving
as the client signal is contained in a frame of a higher order
(HO) ODUk signal being the first signal transferring frame
for containing and transferring a plurality of low speed ODU
signals in a multiplexed manner.

At this time, as illustrated in part (A) of FIG. 3, the LO
ODUflex (GFP) signal is contained by using n time slots
among a plurality of time slots (TSs) allocated to a signal
containing area within the frame of the HO ODUk signal.

In part (A) of FIG. 3 and parts (B) and (C) of FIG. 3
described later, the LO ODUflex (GFP) signal is an interface
signal whose bit rate can be set arbitrarily, and is a signal
obtained by containing the client signal having a packet for-
mat by using generic framing procedure-framed (GFP-F)
frame processing.

In part (A) of FIG. 3, ODTUk.n is an intermediate frame
generated when the LO ODUflex (GFP) signal is contained
into the time slot within the frame of the HO ODUKk signal.

Further, in part (A) of FIG. 3 and parts (B) and (C) of FIG.
3 described later, OTUk is a frame obtained by containing the
frame of the HO ODUk signal, which contains an LO ODU-
flex (GFP) signal or contains a plurality of LO ODUflex
(GFP) signals in a multiplexed manner, into a signal having
one wavelength ().

FIG. 2A illustrates the initial state of the WDM network
having a three-node configuration including a transmitting
terminal station TO, a relay station RL, and a receiving ter-
minal station RO. The three nodes including the transmitting
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terminal station TO, the relay station RL, and the receiving
terminal station RO are formed of the WDM devices in the
optical network system.

In the transmitting terminal station TO, for example, a
media access control (MAC) frame of an Ethernet (trade-
mark) is encapsulated into a GFP-F frame as the client signal,
and is then contained into the LO ODUflex (GFP) signal. In
addition, the LO ODUflex (GFP) signal is contained into the
frame of an ODTUk.n signal equivalent to the n time slots
within the frame of the HO ODUk signal, to thereby contain
the LO ODUflex (GFP) signal into the n time slots within the
frame of the HO ODUk signal.

At this time, an LO ODU signal different from the LO
ODUflex (GFP) signal can be contained in the frame of the
HO ODUk signal in a multiplexed manner. Then, the trans-
mitting terminal station TO plays a role of generating the
frame of an OTUk signal obtained by adding an error correct-
ing code (forward error correction (FEC)) and an overhead
(OH) signal for supervisory control to the frame of the HO
ODUKk signal, subjecting the OTUk signal to electrical/opti-
cal signal conversion, and transmitting the obtained optical
signal as an optical signal (optical wavelength signal) through
an optical fiber (optical fiber transmission line).

Subsequently, after receiving the frame of the OTUk signal
as the optical signal, the relay station RL performs optical/
electric signal conversion, performs an error correction of the
frame of the OTUk signal by using the error correcting code
of'the frame of the OTUk signal, and extracts the frame of the
HO ODUk signal. After that, the LO ODUflex (GFP) signal
contained in the frame of the ODTUk.n signal is extracted
from the frame of the HO ODUk signal, and a route for the LO
ODUflex (GFP) signal is changed over by a switch (route
changeover switch).

In addition, after the route is changed over, the relay station
RL causes the frame of the HO ODUk signal to contain the
LO ODUflex (GFP) signal via the frame of the ODTUk.n
signal, and then outputs the frame of the OTUk signal to the
optical fiber.

Subsequently, the receiving terminal station RO performs
the optical/electric signal conversion for the frame of the
OTUk signal received as the optical signal, and performs the
error correction of the frame by using the error correcting
code of the frame of the OTUk signal. After that, the LO
ODUflex (GFP) signal contained in the frame of the
ODTUk.n signal is extracted from the frame of the HO ODUk
signal, and the GFP-F frame is extracted from the LO ODU-
flex (GFP) signal.

In addition, the receiving terminal station RO extracts the
MAC frame from the GFP-F frame, and then outputs the
MAC frame to the client device as the client signal.

From a functional viewpoint, the respective nodes illus-
trated in FIG. 2A and FIGS. 2B and 2C described later include
components (a) to (j) described as follows.

The component (a) terminates the client signal to encapsu-
late the MAC frame into the GFP-F frame, and generates a
GFP idle signal when the MAC frame is idle (idle state).

The component (b) causes the LO ODUflex (GFP) signal to
contain the GFP-F frame.

The component (¢) causes the frame of an ODTUKk ts signal
corresponding to the time slot within the frame of the HO
ODUk signal to contain the LO ODUflex (GFP) signal while
performing frequency adjustment.

In this case, the frequency adjustment is to map the LO
ODUflex (GFP) signal to the signal containing area within the
frame of the ODTUKk ts signal while inserting a stuff signal
(invalid signal) having an amount equivalent to a difference in
the bit rate between the LO ODUflex (GFP) signal and the
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signal containing area within the frame of the ODTUk.ts
signal into the signal containing area within the frame of the
ODTUk.ts signal so that insertion positions thereof are
equally spaced. This mapping technology is recommended as
a generic mapping procedure (GMP) by ITU-T G.709/
Y.1331.

The component (d) maps the frame of the ODTUKk ts signal
containing the LO ODUflex (GFP) signal being the second
signal transferring frame having a lower bit rate than the first
signal transferring frame to the signal containing area within
the frame of the HO ODUKk signal being the first signal trans-
ferring frame.

Further, the component (d) generates the frame of the
OTUk signal obtained by adding the overhead signal for the
supervisory control and the error correcting code to the frame
of the HO ODUk signal, subjects the OTUk signal to the
electrical/optical signal conversion, and outputs the obtained
optical signal to the optical fiber.

The component (e) performs the optical/electric signal
conversion for the frame of the OTUk signal being the optical
signal transmitted through the optical fiber, then performs the
error correction of the OTUk signal by using the error cor-
recting code, and splits the ODTUk.ts signal from the frame
of the HO ODUk signal being the first signal transferring
frame in a multiplexed manner.

The component (f) extracts the LO ODUflex (GFP) signal
being the second signal transferring frame from each
ODTUk ts signal. In this case, the LO ODUflex (GFP) signal
is extracted while drawing out the stuff signal mapped to the
signal containing area within the frame of the ODTUk.ts
signal along with this signal. This extraction technology is
recommended as the GMP by ITU-T G.709/Y.1331.

The component (g) processes the overhead signal for the
supervisory control for the LO ODUflex (GFP) signal, and
interfaces with the switch.

The component (h) is a switch for changing over the route
for each LO ODU signal.

The component (i) extracts the GFP-F frame from the LO
ODUflex (GFP) signal.

In addition, the component (j) extracts the MAC frame
encapsulated in the GFP-F frame, and outputs the MAC frame
as the client signal.

(Step 1: Increase Number of Time Slots of First Signal
Transferring Frame)

Firstin Step 1 (S1) of a procedure for increasing the bit rate
of the LO ODUflex (GFP) signal being the second signal
transferring frame from the bit rate Bb before the bit rate
change to the bit rate Ba after the bit rate change, the number
of time slots (TSs) within the frame of the HO ODUk signal
being the first signal transferring frame containing the LO
ODUflex (GFP) signal being the second signal transferring
frame is increased.

Here, a consideration is given to an exemplary case where
the time slots of the HO ODUk signal, the number of which is
anumber TSb of time slots before the bit rate change being n,
are used to contain the LO ODUflex (GFP) signal whose bit
rate is the bit rate Bb before the change. Further, a consider-
ation is given to an exemplary case where the time slots of the
HO ODUk signal, the number of which is a number TSa of
time slots after the bit rate change being n+i, are used to
contain the LO ODUflex (GFP) signal whose bit rate is the bit
rate Ba after the change.

In preparation for a case where the bit rate of the LO
ODUflex (GFP) signal increases to the bit rate Ba after the
change, the number of time slots containing the LO ODUflex
(GFP) signal is increased from a current value of n (=2) to n+i
(=4) obtained by adding i (=2) thereto.
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In the respective nodes illustrated in FIG. 2B, the compo-
nents (d) and (e) within the nodes including the transmitting
terminal station TO, the relay station RL, and the receiving
terminal station RO perform processing for changing the
number of time slots from n to n+i.

As illustrated in part (B) of FIG. 3, by performing the
processing for increasing the number of time slots from n to
n+i, the intermediate frame ODTUk.n generated when the LO
ODUflex (GFP) signal is contained into the time slot within
the frame of the HO ODUk signal becomes ODTUk.(n+i).

(Step 2: Cause Increased Time Slots to Contain LO ODU-
flex (GFP) Signal being Second Signal Transferring Frame)

As Step 2 (S2), processing for causing (n+i) time slots to
contain the LO ODUflex (GFP) signal is performed in accor-
dance with the increase in the number of time slots within the
frame of an HO ODU signal in Step 1 to n+i.

Specifically, in accordance with the increase in the number
of time slots within the frame of the HO ODU signal, a frame
size of an ODTUKk. (n+i) signal increases to (n+i)/n times as
large as that of the ODTUKk.n signal in the initial state. There-
fore, extraction processing for causing the frame of the
ODTUk.(n+i) signal to contain the LO ODUflex (GFP) signal
is performed.

It should be noted here that, because there is no change in
the bit rate of the LO ODUflex (GFP) signal, the amount of
the stuft signal is also increased to approximately (n+i)/n
times when the LO ODUflex (GFP) signal is contained into
the frame of the ODTUk.(n+i) signal.

In FIG. 2B, this processing is performed by the compo-
nents (c) and (f) within the nodes including the transmitting
terminal station TO, the relay station RL, and the receiving
terminal station RO. After it is confirmed that the processing
of Step 2 has been completed in all the nodes, the procedure
advances to the processing of Step 3.

Further, as illustrated in part (B) of FIG. 3, the LO ODUflex
(GFP) signal is contained into n+i time slots in the processing
of Step 2.

(Step 3: Increase Bit Rate of LO ODUflex (GFP) Signal
being Second Signal Transferring Frame)

In Step 3 (S3), the bit rate of the LO ODUflex (GFP) signal
is increased from the bit rate Bb before the change to the bit
rate Ba after the change. At this time, the transmitting termi-
nal station TO controls the bit rate of the LO ODUflex (GFP)
signal to increase so that the number of bits to be transmitted
increases by 8 bits every 125 us. Therefore, a change speed of
the bit rate to be increased is 512 Mbits/s/s (=8 bits/125
us/125 ps).

FIG. 2C illustrates an operation of each node in Step 3, and
the above-mentioned processing for increasing the bit rate is
performed by the components (b) and (i) within the nodes.
Further, processing for encapsulating the MAC frame into the
GFP-F frame and generating a GFP idle signal in accordance
with the increase in the bit rate of the LO ODUflex (GFP)
signal is performed by the components (a) and (j) within the
nodes.

Further, as illustrated in part (C) of FIG. 3, in the process-
ing of Step 3, the bit rate of the LO ODUflex (GFP) signal is
increased from the bit rate Bb (2.498 Gbps) before the change
to the bit rate Ba (4.997 Gbps) after the change.

As described above, the processing for increasing the bit
rate of the LO ODUflex (GFP) signal from the bit rate Bb
before the change to the bit rate Ba after the change is per-
formed.

Note that, processing for decreasing the bit rate of the LO
ODUflex (GFP) signal from the bit rate Ba after the change to
the bit rate Bb before the change is performed by performing
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processing reverse to the processing for the increase. Next, a
procedure for the processing for the decrease is described in
brief.

(Step 1A: Notify of Start of Processing for Decreasing Bit
Rate)

In Step 1A, all the nodes are notified by the overhead of a
start of the processing for decreasing the bit rate of the LO
ODUflex (GFP) signal.

(Step 2A: Perform Processing for Decreasing Bit Rate)

In Step 2A, the bit rate of the LO ODUflex (GFP) signal is
decreased from the bit rate Ba after the change to the bit rate
Bb before the change. At this time, the change speed of the bit
rate is set to 512 Mbits/s/s.

(Step 3A: Decrease Number of Time Slots)

In Step 3 A, after it is confirmed that the bit rate of the LO
ODUflex (GFP) signal has reached a desired value, that is, the
bit rate Bb before the change, in the frames ofall the HO ODU
signals through which the LO ODUflex (GFP) signal passes,
the number of time slots within the frame of the HO ODU
signal containing this LO ODUflex (GFP) signal is decreased
from the number TSa of time slots after the change being n+i
to the number TSb of time slots before the change being n.
After it is confirmed that the numbers of time slots within the
frames of all the HO ODU signals have decreased, bit rate
change processing is brought to an end.

As described above, in the case of increasing/decreasing
the bit rate of the LO ODUflex (GFP) signal, the change speed
of the bit rate is defined as 512 Mbits/s/s.

However, in accordance with this definition, for example,
when the LO ODUflex(GFP) signal is changed from the
lowest bit rate of 1.249 Gbps defined by ITU-T G.709/Y.1331
to 2.498 Gbps being twice as that, at least approximately 2
seconds (=(2,498 [Mbits/s]-1,249 [Mbits/s])/512 [Mbits/s/
s]) is required. Further, when the LO ODUflex(GFP) signal is
changed from 1.249 Gbps to the highest bit rate of 104.117
Gbps that is defined currently, at least approximately 200
seconds (=(104,117 [Mbits/s]-1,249 [Mbits/s])/512 [Mbits/
s/s]) is required.

On the other hand, if a consideration is given to the MAC
frame of the Ethernet (trademark) being a major client signal
for the LO ODUflex(GFP) signal, a time required to change
the bandwidth when the bandwidth is limited under quality of
service (QoS) control is equal to or shorter than sub sec (1
sec).

Accordingly, for example, in order to respond speedily to a
request to limit/change the bandwidth of the client signal, it is
essential to reduce the time required to change the bit rate of
the LO ODUflex(GFP) signal.

According to an aspect of the disclosures made herein, an
optical transmission device, which transmits a first frame
containing a plurality of second frames, includes a unit that
newly adds and allocates, when a bit rate of a specific second
frame among the plurality of second frames is to be changed,
a time slot corresponding to an increase in the bit rate of the
specific second frame to time slots previously set for the
plurality of second frames in time slots of the first frame; a
unit that inputs a dummy signal as data to the newly-added
time slot while performing such a setting that both of: a data
writing speed and a data reading speed for the newly-added
time slot; and a delay time between writing and reading of the
data for the newly-added time slot are in agreement with both
of: a data writing speed and a data reading speed for each time
slot of the previously-set time slots; and a delay time between
writing and reading of the data for each time slot of the
previously-set time slots; and a unit that causes the newly-
added time slot and the previously-set time slots to contain the
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plurality of second frames so that the bit rate of the specific
second frame is set to a bit rate defined in advance after the
agreement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart illustrating a procedure used to
increase a bit rate of an LO ODUflex(GFP) signal according
to the related art;

FIG. 2A is a diagram for illustrating an outline of an opera-
tion performed by each node to increase the bit rate of the LO
ODUflex (GFP) signal according to the related art;

FIG. 2B is a diagram for illustrating the outline of the
operation performed by each node to increase the bit rate of
the LO ODUflex (GFP) signal according to the related art;

FIG. 2C is a diagram for illustrating the outline of the
operation performed by each node to increase the bit rate of
the LO ODUflex (GFP) signal according to the related art;

FIG. 3 is a diagram for illustrating an outline of processing
performed to increase the bit rate of the LO ODUflex (GFP)
signal according to the related art;

FIG. 4 is a block diagram illustrating a configuration of an
optical network system according to one embodiment;

FIG. 5 is a block diagram illustrating a configuration of a
WDM device according to the one embodiment;

FIG. 6 is a flowchart illustrating a procedure used to
increase the bit rate of the LO ODUflex (GFP) signal accord-
ing to the one embodiment;

FIG. 7A is a diagram for illustrating processing performed
to increase the bit rate of the LO ODUflex (GFP) signal
according to the one embodiment;

FIG. 7B is a diagram for illustrating the processing per-
formed to increase the bit rate of the LO ODUflex (GFP)
signal according to the one embodiment;

FIG. 7C is a diagram for illustrating the processing per-
formed to increase the bit rate of the LO ODUflex (GFP)
signal according to the one embodiment;

FIG. 7D is a diagram for illustrating the processing per-
formed to increase the bit rate of the LO ODUflex (GFP)
signal according to the one embodiment;

FIG. 8 is a diagram for illustrating transfer of status indi-
cating information according to the one embodiment;

FIG. 9 is a diagram for illustrating the transfer of the status
indicating information according to the one embodiment;

FIG. 10 is a diagram for illustrating an effect of the one
embodiment; and

FIG. 11 is a diagram for illustrating the effect of the one
embodiment.

DESCRIPTION OF EMBODIMENTS

The embodiment of the disclosures made herein will be
described below referring to the drawings in detail. The draw-
ings illustrate a preferred embodiment. It should be under-
stood, however, that the embodiment can be implemented by
many different embodiments, and is not limited to the
embodiment described herein.

(Optical Network System)

Referring to FIG. 4 illustrating a configuration example of
a system according to one embodiment, an optical network
system 1 includes a plurality of WDM devices 3 (3A to 3E),
which form a wavelength division multiplexing (WDM) net-
work 2. In the WDM network 2, a WDM signal obtained by
subjecting a plurality of optical signals having different wave-
lengths of at least one wave to wavelength division multiplex-
ing is subjected to transmission (unless otherwise limited,
including exchange and transfer).
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Those WDM devices 3 are optical transmission devices
including a bit rate adjustment function to which a WDM
transmission technology conforming to the recommendation
of ITU-T G.709/Y.1331 and the recommendation of ITU-T
(G.7044/Y.1347 can be applied.

The respective WDM devices 3 form communication
nodes as a transmitting terminal station, a receiving terminal
station, and a relay station. A plurality of optical wavelength
paths PS (PS#1 to PS#5) are set in optical fiber transmission
lines between those WDM devices 3, and a first signal trans-
ferring frame FR#1 is transmitted through those optical wave-
length paths PS.

Some of the plurality of WDM devices 3 are connected to
an Ethernet (trademark) switch such as a layer 2 (1.2) switch
or client devices 4 (4A to 4F) such as routers.

Data on the optical signal output from the client device 4
(client signal) is input to the WDM device 3 and contained
into a second signal transferring frame FR#2 having a lower
bit rate than the first signal transferring frame FR#1. Further,
this data is transmitted to the client device 4 corresponding to
a desired destination after being contained into a time slot
(TS) allocated there to within the first signal transferring
frame FR#1 in the WDM device 3. Note that, the term “time
slot” is used unless otherwise limited, and the time slot is
assumed to include a tributary slot (ts).

In the optical network system 1, the bit rate of the second
signal transferring frame FR#2 is determined based on the bit
rate of the data, and when the data is contained into the first
signal transferring frame FR#1, a number of time slots allo-
cated thereto is determined.

In the example illustrated in FIG. 4, a payload of the first
signal transferring frame FR#1 contains the second signal
transferring frame FR#2 containing data #1 between the cli-
ent device 4A and the client device 4D by using two time slots
TS#1 and TS#2, and contains the second signal transferring
frame FR#2 containing data #2 between the client device 4B
and the client device 4E by using one time slot TS#4. In the
first signal transferring frame FR#1, overhead (OH) is an
overhead signal for supervisory control, and forward error
correction (FEC) is an error correcting code.

(WDM Device)

FIG. 5 illustrates an example of a configuration of the
WDM device 3 within the above-mentioned optical network
system 1. Referring to FIG. 4 and FIG. 5 together, the WDM
devices 3 (3A to 3E) each include a switch SW, a reception
frame processing unit 31, a transmission frame processing
unit 32, an outgoing frame processing unit 33, and an incom-
ing frame processing unit 34.

The reception frame processing unit 31 at the previous
stage of the switch SW includes a plurality of higher order
optical channel data units (HO ODU units), a plurality of
optical channel data tributary units k with is (tributary slots)
(ODTUk.ts units), and a plurality of lower order optical chan-
nel data units (LO ODU units). Note that, an optical channel
transport unit (OTU unit) is provided at the previous stage of
each of the HO ODU units, but is omitted from the drawing.

The transmission frame processing unit 32 at the subse-
quent stage of the switch SW includes a plurality of HO ODU
units, a plurality of ODTUKk.ts units, and a plurality of LO
ODU units. Note that, an OTU unit is provided at the subse-
quent stage of each of the HO ODU units, but is omitted from
the drawing. In addition, the transmission frame processing
unit 32 further includes a generic mapping procedure (GMP)
unit and a selector SEL.

Further, the outgoing frame processing unit 33 at the pre-
vious stage of the switch SW includes a client signal unit
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CL1, a generic framing procedure-framed (GFP-F) mapper,
an LO ODU unit, and a dummy signal generation unit DSG.

In addition, the incoming frame processing unit 34 at the
subsequent stage of the switch SW includes a client signal
unit CL.2, a GFP-F demapper, and an LO ODU unit.

The switch SW parallelizes an LO ODUflex (GFP) signal
into a plurality of portions in units of bytes so as to cause a
plurality of time slots to contain the LO ODUflex (GFP)
signal, that is, splits the LO ODUflex (GFP) signal in a mul-
tiplexed manner by the number of time slots in units of bytes.

The WDM device 3 includes, as other components, an
optical amplifier, an optical demultiplexer, an optical switch
(optical route changeover switch), an optical multiplexer, an
optical signal transmitting/receiving unit on a client device
side, an optical signal transmitting/receiving unit on a WDM
network side, an optical/electrical (O/E) signal conversion
unit, and an electrical/optical (E/O) signal conversion unit,
but those components can easily be understood and imple-
mented by a person skilled in the art, and are therefore omitted
from the drawing.

The WDM device 3 has an optical add/drop multiplexing
(OADM) function for transmitting/receiving the client signal
to/from the client device 4 as the optical signal having one
wavelength, and for inserting (multiplexing) the optical sig-
nal having one wavelength into the WDM signal and branch-
ing (splitting) the optical signal having each wavelength from
the WDM signal.

By including the reception frame processing unit 31, the
transmission frame processing unit 32, the outgoing frame
processing unit 33, and the incoming frame processing unit
34, the WDM device 3 can be applied to any one of commu-
nication nodes including the transmitting terminal station, the
receiving terminal station, and the relay station as described
next in brief.

That is, for example, by focusing on the WDM device 3A
in FIG. 4, the client signal (data #1) addressed to the client
device 4D and transmitted from the client device 4A is ter-
minated by the client signal unit CL1 in the outgoing frame
processing unit 33, and is then subjected to outgoing frame
processing including mapping processing with respect to a
GFP-F frame.

The LO ODUflex (GFP) signal generated by the outgoing
frame processing is input to the transmission frame process-
ing unit 32 through the switch SW, and is subjected to trans-
mission frame processing including conversion processing
into a signal interface compatible with the WDM network 2.

Then, the WDM signal subjected to the transmission frame
processing is transmitted from the WDM device 3A to the
WDM device 3B through the optical wavelength path PS#1.
The outgoing frame processing and the transmission frame
processing are described later in more detail in relation to bit
rate adjustment processing.

Further, the client signal (data #1) addressed to the client
device 4A and transmitted from the client device 4D is trans-
mitted as the WDM signal from the WDM device 3B to the
WDM device 3A through the optical wavelength path PS#1.
The WDM signal is subjected to reception frame processing
including the conversion processing into the signal interface
in the reception frame processing unit 31 of the WDM device
3A.

The LO ODUflex (GFP) signal subjected to the reception
frame processing is input to the incoming frame processing
unit 34 through the switch SW, and is subjected to incoming
frame processing including demapping processing from the
GFP-F frame and extraction processing for the client signal
performed by the client signal unit CL.2.
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Then, the client signal subjected to the incoming frame
processing is transmitted to the client device 4A.

In addition, in a case where the WDM signal is relayed by
the WDM device 3A, the WDM signal is subjected to the
above-mentioned reception frame processing in the reception
frame processing unit 31, then input to the transmission frame
processing unit 32 through the switch SW, and subjected to
the above-mentioned transmission frame processing.

Then, the WDM signal subjected to the transmission frame
processing is transmitted from the WDM device 3A to
another WDM device 3 (for example, 3D) through the optical
wavelength path PS#3.

Note that, the WDM device 3 that can be applied to any one
of the communication nodes including the transmitting ter-
minal station, the receiving terminal station, and the relay
station includes functionally the same components (a)to (j) as
in the related art except functions relating to circled numbers
1,2,3,4,and 5in FIG. 5.

(Bit Rate Adjustment Processing)

Next, an example of the bit rate adjustment (change) pro-
cessing performed by the WDM device 3 of the optical net-
work system 1 according to the one embodiment is described
with reference to the related figures.

In order to realize a reduction in a change time for the bit
rate of the LO ODUflex (GFP) signal being the second signal
transferring frame FR#2 containing the client signal, atten-
tion is focused on the following feature points.

In other words, the LO ODUflex (GFP) signal is always
contained into an arbitrary specific number of time slots
(hereinafter sometimes referred to simply as “T'S”) within the
frame of an HO ODU signal being the first signal transferring
frame FR#1.

Further, the number of TSs changes in accordance with a
change amount of the bit rate of the LO ODUflex (GFP)
signal on a one-to-one basis.

In addition, a TS-basis GMP containment technology is
employed to cause the specific number of TSs to contain the
LO ODUflex (GFP) signal, and GMPs corresponding to the
specific number of TSs operate synchronously. In this case,
the GMP processing corresponds to the GMP defined by the
recommendation of ITU-T G.709/Y.1331.

Processing examples described below focus on those fea-
ture points. Note that, a bit rate Ba after a bit rate change, a bit
rate Bb before the bit rate change, a number TSa of time slots
after the bit rate change, and a number TSb of time slots
before the bit rate change are sometimes referred to merely by
the reference symbols.

With reference to FIG. 6, a description is made of a proce-
dure used to increase the bit rate (bandwidth) of the LO
ODUflex (GFP) signal containing the data serving as the
client signal in the WDM device 3 illustrated in FIG. 5.

In an example described below, the bit rate of the LO
ODUflex (GFP) signal is increased from the bit rate Bb before
the bit rate change to the bit rate Ba after the bit rate change
(where Bb<Ba). At this time, it is assumed that the number of
time slots within the frame of the HO ODU signal containing
the LO ODUflex (GFP) signal changes from the number TSb
of time slots before the bit rate change being n to the number
TSa of time slots after the bit rate change being n+i in accor-
dance with the increase in the bit rate.

(Step 11: Examine Whether or not Bit Rates Before and
after Change Exhibit Integer Ratio)

In Step 11 (S11) relating to the circled numbers 1 and 2 in
FIG. 5, in the case where the bit rate of the LO ODUflex
(GFP) signal is changed from the bit rate Bb before the
change to the bit rate Ba after the change, it is examined
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whether or not the bit rate Ba after the change and the bit rate
Bb before the change exhibit a relationship of an integer ratio.

As an example of this examination, it is examined whether
Ba/TSa=Bb/TSb or Ba/TSa=Bb/TSb. In the former case, the
bit rates Ba and Bb exhibit an integer ratio, and hence the
procedure advances to Step 13. In the latter case, the bit rates
Ba and Bb are not expressed by the integer ratio, and hence
the procedure advances to Step 12.

Step 11 is performed, when the LO ODUflex (GFP) signal
is contained into the specific number of TSs within the frame
of the HO ODU signal, in order to split the LO ODUflex
(GFP) signal into the previously-set number of time slots in a
multiplexed manner, cause the frame of the HO ODU signal
to contain the LO ODUflex (GFP) signal in units of TSs by
using the GMP, and handle the GMPs corresponding to the
number of TSs operating synchronously.

(Step 12: Adjust Bit Rate of LO ODUflex (GFP) Signal)

In Step 12 (S12) relating to the circled numbers 1 and 2 in
FIG. 5, the bit rate of the LO ODUflex (GFP) signal is
increased from Bb to Bax(TSb/TSa).

Atthis time, as an example of a method of increasing the bit
rate, it is possible to employ the method of controlling the bit
rate of the LO ODUflex (GFP) signal to increase so that the
number of bits to be transmitted increases by 8 bits every 125
us in the same manner as in the above-mentioned related art.
Therefore, an increase speed of the bit rate is 512 Mbits/s/s
(=8 bits/125 us/125 ps).

(Step 13: Increase Number of Time Slots within Frame of
HO ODU Signal Containing O ODUflex(GFP) Signal)

In Step 13 (S13) relating to the circled number 3 in FIG. 5,
the number of time slots within the frame of an HO ODUk
signal containing the LO ODUflex(GFP) signal is increased
from the number TSb of time slots before the change being n
to the number TSa of time slots after the change being n+i.

At this time, the ODTUK.ts unit within the transmission
frame processing unit 32 in FIG. 5 generates an intermediate
frame ODTUk.ts when the LO ODUflex(GFP) signal is con-
tained into the time slot (tributary slot) within the frame of the
HO ODU signal.

(Step 14: Cause Newly-Added TS to Contain Dummy Sig-
nal)

In Step 14 (S14) relating to the circled number 4 in FIG. 5,
a dummy signal is contained into the newly-added TS set in
Step 13 described above. Atthis time, itis preconditioned that
the bit rate per TS of the dummy signal is the same as the bit
rate per T'S containing the previously-set (existing) LO ODU-
flex (GFP) signal and that the GMPs provided in units of n+i
TSs all operate synchronously. In other words, the bit rate per
TS is Ba/TSa. In all the nodes, after it is confirmed that the
processing of Step 14 has been completed, the procedure
advances to the processing of Step 15.

Note that, the dummy signal is generated by the dummy
signal generation unit DSG in the outgoing frame processing
unit 33 based on the LO ODUflex (GFP) signal received from
the LO ODU (ODUflex) unit.

(Step 15: Cause Existing TS and Newly-Added TS to Con-
tain LO ODUflex (GFP) Signal)

In Step 15 (S15) relating to the circled number 5 in FIG. 5,
the bit rate of the LO ODUflex (GFP) signal is changed from
Bax(TSb/TSa) to Ba, and the LO ODUflex (GFP) signal is
contained into TSa=(n+i) time slots. In other words, the LO
ODUflex (GFP) signal is controlled to be inserted also into i
TSs containing the dummy signal in Step 14.

Subsequently, the processing of Step 13, Step 14, and Step
15 described above is described further in detail with refer-
ence to FIG. 7A, FIG. 7B, and FIG. 7C.
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FIG. 7A relating to the processing of Step 13 described
above illustrates an initial state of the increase in the bit rate
on the assumption that the LO ODUflex (GFP) signal is
contained into the HO ODU signal by occupying two time
slots of a time slot #i and a time slot #j and that a time slot #k
is added in order to increase the bit rate of the LO ODUflex
(GFP) signal.

This makes an example of (n+1)=3 because the number n of
previously-set time slots (equivalent to ODTUk.n) is two and
the number i of added time slots (equivalent to ODTUk.1) is
one. The LO ODUflex (GFP) signal is parallelized into two
portions in units of bytes so as to be contained into two time
slots via the switch SW, that is, split in a multiplexed manner
into the previously-set number of time slots in units of bytes.
The signals parallelized into the two portions are each stored
into a buffer BF of a first-in first-out (FIFO) via the selector
SEL, and are then contained into (mapped to) the time slots #i
and #j within the frame of the HO ODUKk signal, respectively.
In this case, the selector SEL functions to change over the
signal to be contained into each time slot between the dummy
signal and the LO ODUflex (GFP) signal.

When being stored into each buffer BF for each time slot,
the LO ODUflex (GFP) signal is written at a timing at which
a write enable signal WEn received from a controller CONT
corresponding to an arithmetic operation unit of the GMP unit
becomes an enabled state. At this time, an address being a
written location on the buffer BF is determined by a write
address signal WA received from the controller CONT.

The write enable signal WEn is the same as a clock CLK1
of'the LO ODUflex (GFP) signal, and the write address signal
WA is incremented by one each time the write enable signal
WEn becomes an enabled state. The same signal is used as
each of the write address signal WA and the write enable
signal WEn for the buffers BF corresponding to the time slot
# and the time slot #j, and the writing to the buffers BF
corresponding to the time slot #i and the time slot #j is per-
formed synchronously.

Further, when the LO ODUflex (GFP) signal is read from
each buffer BF to be written to each time slot, a read enable
signal REn is the same as a clock CLK2 of the ODTUk.ts
signal, and is generated by the GMP processing defined by the
recommendation of ITU-T G.709/Y.1331. A read address
signal RA for the buffer BF is determined by the bitrate ofthe
time slot and the bit rate of the LO ODUflex (GFP) signal.
Then, in the bufter BF, data is read from a location designated
as a read address, and the read address is incremented by one
each time the read enable signal REn becomes an enabled
state.

Reading operations from the buffers BF corresponding to
the time slot #i and the time slot #j based on the read enable
signal REn and the read address signal RA are performed
synchronously in the same manner as the writing operations
based on the write enable signal WEn and the write address
signal WA. On the other hand, for the buffer BF correspond-
ing to the added time slot #k, operations based on the write
enable signal WEn, the write address signal WA, the read
enable signal REn, and the read address signal RA are per-
formed independently of the time slots #i and #j.

FIG. 7B relating to the processing of Step 14 described
above illustrates a state in which the number of time slots is
increased from the number TSb of time slots before the
change being n to the number TSa of time slots after the
change being n+i (where n=2 and i=1).

In FIG. 7A described above, different signals are used as
each of the write enable signal WEn, the write address signal
WA, the read enable signal REn, and the read address signal
RA between the buffers BF corresponding to the previously-
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set (existing) time slots #i and #j and the buffer BF corre-
sponding to the added time slot #k.

However, in FIG. 7B, the controller CONT controls each of
the write enable signal WEn, the write address signal WA, the
read enable signal REn, and the read address signal RA to be
the same signal for all the buffers BF corresponding to the
time slots #i, #j, and #k so that all the buffer BF for the time
slots #i, #j, and #k operate synchronously.

In this state, the write enable signal WEn and the read
enable signal REn are each in agreement between the buffers
BF corresponding to the previously-set and added time slots,
with the result that a writing speed for data and a reading
speed for data are each in agreement among the respective
time slots. Further, the write address signal WA and the read
address signal RA are each in agreement among the buffers
BF, with the result that a delay time between writing and
reading of the data is in agreement among the respective time
slots.

Note that, the selector SEL for changing over the signal to
be contained into each time slot between the LO ODUflex
(GFP) signal and the dummy signal is set by the controller
CONT to cause the added time slot #k to contain the dummy
signal. After this setting is completed, the controller CONT
inserts information (status indicating information) indicating
that the write enable signal WEn, the write address signal WA,
the read enable signal REn, and the read address signal RA for
the respective buffers BF are each in agreement between the
previously-set and newly-added time slots into the overhead
OH added to the HO ODUKk signal being the first signal
transferring frame FR#1, and transfers the information to the
subsequent node as described later in detail.

In the example illustrated in FIG. 7C relating to the pro-
cessing of Step 15 described above, the LO ODUflex (GFP)
signal is parallelized into three portions in units of bytes by
the switch SW so as to be contained into three time slots
instead of the two time slots via the switch SW. Further, the
selector SEL corresponding to the time slot #k has a selection
state changed over from the dummy signal to the LO ODU-
flex (GFP) signal.

Note that, FIG. 5, FIG. 7A, FIG. 7B, and F1G. 7C illustrate
the configuration in which the dummy signal is connected to
the selector SEL via the switch SW, but, as illustrated in FIG.
7D, a configuration in which the dummy signal is directly
connected to the selector SEL without the intermediation of
the switch SW may be employed.

Referring to FIG. 8 for illustrating the transfer of the above-
mentioned status indicating information, the controller
CONT within a transmitting terminal station TO inserts the
status indicating information into the overhead OH of'the first
signal transferring frame FR#1 (in this case, 4 rows (bytes)
and 4,080 columns (bytes)), and transfers the first signal
transferring frame FR#1 as an OTU frame to a relay station
RL of the subsequent node.

As a specific location within the overhead OH for inserting
the status indicating information, for example, it is possible to
use a vacant bit information area within a link connection
resize overhead of a resize control overhead defined by the
recommendation of ITU-T G.7044/Y.1347.

In other words, as exemplified in FIG. 9, as the status
indicating information indicating a buffer status correspond-
ing to the time slot, a tributary slot buffer status (TSBS) bit
can be defined in the third bit on the fifteenth column and the
second row of the link connection resize overhead of the
resize control overhead within the overhead OH of the first
signal transferring frame FR#1. Then, the controller CONT
transmits TSBS=1 when the buffer statuses corresponding to
all the time slots that contain the LO ODUflex (GFP) signal
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are in agreement with one another, and transmits TSBS=0
when the buffer statuses are not in agreement with one
another.

Referring again to FIG. 8, TSBS=1 transferred as overhead
(OH) information by an overhead (OH) transmitting function
of'the controller CONT within the transmitting terminal sta-
tion TO is received by an OH receiving function of the con-
troller CONT within the relay station RL.

The controller CONT within the relay station RL uses an
AND circuit to calculate a logical product (AND) between
TSBS=1 being the received information and the status indi-
cating information indicating the butfer status corresponding
to the time slot within the relay station RL, and then uses the
OH transmitting function to transfer the information on the
TSBS to the node at the subsequent stage. Note that, when the
received TSBS is 1 and the buffer statuses within the relay
station RL are in agreement with one another, TSBS=1 cor-
responding to an AND result of “1” is transferred, and other-
wise, TSBS=0 corresponding to an AND result of “0” is
transferred.

The controller CONT within a receiving terminal station
RO uses the OH receiving function to receive the information
on the TSBS transferred through a plurality of the relay sta-
tions RL in a hop-by-hop manner. At this time, when receiv-
ing TSBS=1, the controller CONT within the receiving ter-
minal station RO can confirm that the writing speed for data
and the reading speed for data for all the time slots that
contain the LO ODUflex (GFP) signal of interest are each in
agreement and the delay time between the writing and read-
ing of the data is in agreement among all the nodes through
which the LO ODUflex (GFP) signal being the second signal
transferring frame FR#2 passes.

As described above, the processing for increasing the bit
rate of the LO ODUflex (GFP) signal from the bit rate Bb
before the change to the bit rate Ba after the change is per-
formed.

Note that, the processing for decreasing the bit rate of the
LO ODUflex (GFP) signal from the bit rate Ba after the
change to the bit rate Bb before the change is performed in
accordance with the following procedure. The procedure for
the processing for the decrease is described in brief.

(Step 11 A: Notify of Start of Processing for Decreasing Bit
Rate)

In Step 11A, all the nodes are notified by the overhead OH
ofa start of the processing for decreasing the bit rate of the LO
ODUflex (GFP) signal.

(Step 12A: Examine Whether or not Bit Rates Before and
after Change Exhibit Integer Ratio)

In Step 12A, in the case where the bit rate of the LO
ODUflex (GFP) signal is changed from the bit rate Ba after
the change to the bit rate Bb before the change, it is examined
whether or not Ba and Bb exhibit a relationship of an integer
ratio. As an example of this examination, it is examined
whether Ba/TSa=Bb/TSb or Ba/TSa=Bb/TSb. In the former
case, the relationship between Ba and Bb is an integer ratio,
and hence the procedure advances to Step 13A. In the latter
case, the relationship between Ba and Bb is not expressed as
an integer ratio, and hence the procedure advances to Step
14A.

(Step 13A: Adjust Bit Rate)

In Step 13 A, the bit rate of the LO ODUflex (GFP) signal
is decreased from Ba to Bbx(TSa/TSh).

(Step 14A: Decrease Bit Rate and Number of Time Slots)

In Step 14A, the bit rate of the LO ODUflex (GFP) signal
is decreased to Bb, and at the same time, for the frames of all
the HO ODU signals through which the LO ODUflex (GFP)
signal passes, the number of TSs containing the LO ODUflex
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(GFP) signal of interest is decreased from the number TSa of
time slots after the change being n+i to the number TSb of
time slots before the change being n. After it is confirmed that
the number of TSs has been decreased for the frames of all the
HO ODU signals, the bit rate change processing is brought to
an end.

(Effect of One Embodiment)

FIG. 10 illustrates an example of data mapping used when
the LO ODUflex (GFP) signal is contained into each TS
within the frame of the HO ODU signal according to the one
embodiment and the related art. FIG. 10 illustrates a case of
increasing the number of TSs from 3 to 4 as an example.

Further, FIG. 11 illustrates how the number of TSs within
the frame of the HO ODU signal containing the LO ODUflex
(GFP) signal and the bit rate of the LO ODUflex (GFP) signal
change according to the one embodiment and the related art.

InFIG. 10 and FIG. 11, Cn represents the bit rate of the LO
ODUflex (GFP) signal, and Cm represents the number of
bytes (data amount) of the LO ODUflex (GFP) signal con-
tained per TS.

In the WDM device 3 according to the one embodiment,
the time required to change the increase/decrease in the num-
ber of TSs within the frame of the HO ODU signal is realized
by the time equivalent to the related art.

Further, in the WDM device 3 according to the one embodi-
ment, the time required to change the increase/decrease in the
bit rate of the LO ODUflex (GFP) signal itself can be realized
by the time equivalent to an optical channel payload unit k
(OPUk) multiframe time being a unit time used when the LO
ODUflex (GFP) signal is contained into the frame of the HO
ODU signal, and has a value of approximately 100 ys.

On the other hand, in the related art, the transmission bits
increase/decrease by 8 bits every 125 us (equivalent to 512
Mbits/s/s), and hence a necessary change time t is expressed
as t=IBa-Bbl/512M (sec) where the bit rate before the change
is Bb (bit/s) and the bit rate after the change is Ba (bit/s).

As a result, in the related art, approximately 2 seconds is
required to change the bit rate from 1.249 Gbps to 2.498
Gbps, and approximately 200 seconds is required to change
the bit rate from 1.249 Gbps to 104.117 Gbps.

However, in the WDM device 3 according to the one
embodiment, both the changes can be realized with approxi-
mately 100 pus. According to the one embodiment, the change
time is equivalent to approximately 1/20,000 in the former
case, and equivalent to approximately 1/2,000,000 in the
latter case, which can change the bit rate, that is, the band-
width far more speedily than in the related art.

According to the disclosed optical transmission device
including the bit rate adjustment function, it is possible to
reduce the time required to change a bit rate of an LO ODU-
flex (GFP) signal being the second signal transferring frame.

MODIFIED EXAMPLE

The processing of the embodiment described above is pro-
vided as a computer-executable program, and can be provided
by a non-transitory computer readable recording medium
such as a CD-ROM or a flexible disk or via a communication
line.

An arbitrary plurality of or all the processes of the embodi-
ment described above can be selected and combined to be
carried out.

What is claimed is:

1. An optical transmission device for transmitting a first
frame containing a plurality of second frames, comprising:

a unit that newly adds and allocates, when a bit rate of a

specific second frame among the plurality of second
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frames is to be changed, a time slot corresponding to an
increase in the bit rate of the specific second frame to
time slots previously set for the plurality of second
frames in time slots of the first frame;

a unit that inputs a dummy signal as data to the newly-
added time slot while performing such a setting that both
of: a data writing speed and a data reading speed for the
newly-added time slot; and a delay time between writing
and reading of the data for the newly-added time slot are
in agreement with both of: a data writing speed and a
data reading speed for each time slot of the previously-
set time slots; and a delay time between writing and
reading of the data for each time slot of the previously-
set time slots; and

a unit that causes the newly-added time slot and the previ-
ously-set time slots to contain the plurality of second
frames so that the bit rate of the specific second frame is
set to a bit rate defined in advance after the agreement.

2. The optical transmission device according to claim 1,
further comprising a unit that examines, when the bit rate
before a bit rate change of the specific second frame is defined
as Bb and the bit rate after the bit rate change of the specific
second frame is defined as Ba, whether the bit rate Bb before
the bit rate change and the bit rate Ba after the bit rate change
exhibit an integer ratio.

3. The optical transmission device according to claim 2,
further comprising a unit that changes, when a relationship of
Bb/TSb=Ba/TSa is established where a number of time slots
before the bit rate change of the specific second frame is
defined as TSb and a number of time slots after the bit rate
change of the specific second frame is defined as TSa, the bit
rate of the specific second frame by Bax(TSb/TSa)-Bb
before the newly-added time slot is allocated to the time slot
of the first frame.

4. The optical transmission device according to claim 1,
further comprising a unit that transmits information for caus-
ing all nodes to which the second frames are transmitted to
confirm the agreement.

5. A bit rate adjustment method executed by an optical
transmission device for transmitting a first frame containing a
plurality of second frames, comprising:

newly adding and allocating, when a bit rate of a specific
second frame among the plurality of second frames is to
be changed, a time slot corresponding to an increase in
the bit rate of the specific second frame to time slots
previously set for the plurality of second frames in time
slots of the first frame;

inputting a dummy signal as data to the newly-added time
slot while performing such a setting that both of: a data
writing speed and a data reading speed for the newly-
added time slot; and a delay time between writing and
reading of the data for the newly-added time slot are in
agreement with both of: a data writing speed and a data
reading speed for each time slot of the previously-set
time slots; and a delay time between writing and reading
of the data for each time slot of the previously-set time
slots; and

causing the newly-added time slot and the previously-set
time slots to contain the plurality of second frames so
that the bit rate of the specific second frame is set to a bit
rate defined in advance after the agreement.

6. The bit rate adjustment method according to claim 5,
further comprising examining, when the bit rate before a bit
rate change of the specific second frame is defined as Bb and
the bit rate after the bit rate change of the specific second
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frame is defined as Ba, whether the bit rate Bb before the bit
rate change and the bit rate Ba after the bit rate change exhibit
an integer ratio.

7. The bit rate adjustment method according to claim 6,
further comprising changing, when a relationship of 5
Bb/TSb=Ba/TSa is established where a number of time slots
before the bit rate change of the specific second frame is
defined as TSb and a number of time slots after the bit rate
change of the specific second frame is defined as TSa, the bit
rate of the specific second frame by Bax(TSb/TSa)-Bb 10
before the newly-added time slot is allocated to the time slot
of the first frame.

8. The bit rate adjustment method according to claim 5,
further comprising transmitting information for causing all
nodes to which the second frames are transmitted to confirm 15
the agreement.



